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Background  
The prosthetic benefits of osseointegrated 
fixation for individuals with limb loss, 
particularly those with transfemoral 
amputation (TFA), have been clearly 
demonstrated in the literature. However, 
very little information is currently available 
to established how this prosthetic benefits 
are translated into functional outcomes and, 
more precisely, walking abilities 
[1-3]
. 
The ultimate aim of this presentation was to 
explore how walking abilities of a TFA 
fitted with an OPRA fixation could be assess 
through typical temporal and spatial gait 
characteristics
[2]
. 
 
Methods 
A total of eleven participants who have 
transfemoral amputation fitted with an 
osseointegrated fixation (OPRA) 
participated in this study. Each participant 
was asked to perform seven trial of straight 
walking
[4, 5]
. Speed walking, cadence, 
duration of gait cycle, support and swing 
phases, length of stride and step, were 
extracted from displacements of foot 
markers using a 3D motion analysis system 
recording at 200 Hz.   
 
Results 
The speed of walking and the cadence were 
0.84±0.13m/s and 47.19± 3.9steps/min, 
respectively. The duration of the gait cycle 
was 1.29±0.11s. The support and swing 
phases were 0.77±0.07s and 0.52±0.07s 
corresponding to 59.85±2.86% and 
40.15±2.86%, respectively. The step length 
for the prosthetic side was 0.67±0.08m and 
0.62±0.10m for the sound leg.  
 
Discussion 
The results demonstrated that walking 
abilities could be partially reflected by 
simple temporal and spatial gait 
characteristics. However, they should be 
considered as surrogate measurements. This 
highlighted the need to use a portable kinetic 
system to monitor the actual activity of daily 
living during real-world assessments 
[3, 6]
.   
 
Conclusion 
The results demonstrate that the amputees 
fitted with an osseointegrated fixation 
showed a highly functional level compared 
to normative data presented in previous 
studies focusing on amputees fitted with a 
socket and able-bodied. This study also 
confirms that the prosthetic benefits will 
translate into an increased functional 
outcome.  
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Background: benefits of OI fixation 
OI fixation = 
o Prosthetic benefits  
o Increase in quality of life  
 
o Hagberg, K. and R. Brånemark, Consequences of non-vascular trans-femoral amputation: a survey of quality 
of life, prosthetic use and problems. Prosthetics and Orthotics International, 2001. 25: p. 186-194. 
 
o Hagberg, K. and R. Brånemark, One hundred patients treated with osseointegrated transfemoral amputation 
prostheses - the rehabilitation perspective. Journal of Rehabilitation Research & Development, 2009. 
43(3): p. 331-344. 
 
o Hagberg, K., E. Haggstrom, M. Uden, and R. Brånemark, Socket versus bone-anchored trans-femoral 
prostheses: hip range of motion and sitting comfort. Prosthetics and Orthotics International, 2005. 29(2): 
p. 153-163. 
Background: need 
There is a need to understand how 
prosthetic benefits are translated into 
walking abilities? 
o Frossard, L., K. Hagberg, E. Haggstrom, D. Lee Gow, R. Branemark, and M. Pearcy, Functional outcome of 
transfemoral amputees fitted with an osseointegrated fixation: Temporal gait characteristics. Journal of 
Prosthetics and Orthotics, 2010. 22(1): p. 11-20 
Background: spatiotemporal variables 
o “Observational assessment is often clinically useful because of 
the time efficiency and relative immediacy of feedback, but it 
generally lacks quantifiable data and documentation is not 
standardized.  
o Instrumented gait assessment includes a spectrum of 
techniques ranging from very time intensive optoelectronic 
motion analysis to stopwatch calculations of gait velocity over 
a known distance.  
o In between these two extremes is the assessment of 
spatiotemporal gait parameters” 
 surrogate measurement of 
walking abilities 
Highsmith, M., B. Schulz, S. Hart-Hughes, G. Latlief, and S. Phillips, Differences in the spatiotemporal 
parameters of transtibial and transfemoral amputee gait. JPO, 2010. 22(1): p. 26-30. 
Background: work done to date 
Only temporal variables 
o Frossard, L et al, Functional outcome of transfemoral 
amputees fitted with an osseointegrated fixation: Temporal 
gait characteristics. JPO, 2010. 22(1): p. 11-20 
Aim 
o Improve understanding of walking 
abilities of individuals with TFA fitted 
with OI fixation 
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Purposes 
o To present to main spatiotemporal gait 
characteristics  
o To compare spatiotemporal gait 
characteristics of TFA-OI with TFA-SO 
and able-bodied 
o To provide benchmark data for future 
comparative analyses 
 
 
Methods: control groups 
TFA-SO 
N=221 
Zuniga et al, 1972  
James et al, 1973 
Godfrey et al, 1975 
Murray et al, 1980 
Murray et al, 1983 
Hale et al, 1990 
Jeager et al, 1995 
Boonstra et al, 1996 
Macfarlane et al, 1997 
Macfarlane et al, 1997  
Van der linden et al, 1999  
Segal et al, 2006  
Farahman et al, 2006  
McNealy et al, 2008 
Schmalz et al, 2002 
Sapin et al, 2008 
 Highsmith et al, 2010 
26 
studies 
ABD 
N=342 
Murray et al, 1964 
Murray et al, 1966 
Murray et al, 1967 
Zuniga et al, 1972 
Andriachhi et al 1976 
Murray et al, 1983 
Kadaba et al, 1989 
Kadaba et al, 1990 
Kadaba et al, 1990 
Oberg et al, 1993 
Allard et al, 1997 
Farahman et al, 2006 
McIntosh et al, 2006 
McNealy et al, 2008 
Sapin et al, 2008 
Menant et al, 2009 
19 
studies 
Methods: participants 
12 
TFA-OI 
TFA-SO ABD 
N=221 
N=116 
N=342 
OPRA fixation 
10% of existing 
population 
Methods: apparatus 
Methods: apparatus Methods: spatiotemporal variables 
o Cadence (Strides/min) 
o Speed of walking (m/s) 
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Methods: Temporal variables Methods: spatial variables 
  
 
 
Methods: comparative analysis 
Variable i TFA-SO TFA-OI ABD 
Mean 
Standard deviation 
Methods: comparative analysis 
Variable i TFA-SO TFA-OI ABD 
Mean Yes Yes Yes 
Standard deviation No Yes No 
Meta analysis 
No statistical comparisons 
Methods: comparative analysis 
Variable i TFA-SO TFA-OI ABD 
Mean Yes Yes Yes 
Standard deviation No Yes No 
Median Yes Yes Yes 
Minimum Yes Yes Yes 
Maximum Yes Yes Yes 
Methods: comparative analysis 
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Results: in-between group differences 
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Results: cadence and walking speed 
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Results: duration gait cycle (prosthetic) 
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Results: duration support (prosthetic) 
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Results: duration swing (prosthetic) 
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Knee components 
Results: duration support (sound) 
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Results: duration swing (sound) 
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Results: stride length 
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Measurement 
technique? 
Results: step length (prosthetic) 
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Results: step length (sound) 
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Discussion: outcomes 
o TFA-OI perform better that TFA-SO 
but not as well as ABD 
o The best TFA-OI perform as well as the 
worse ABD 
o Improvement on prosthetic and sound 
side 
 
o Confirmation that prosthetic benefits of 
OI are translated into a increase of 
walking ability 
Knee components 
Discussion: limits 
o Unmatched groups 
o No confounders: 
o Dynamics (e.g., force-plates) 
o Kinematics (e.g., lateral trunk bending)  
o Kinetics (e.g., joints moments) 
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Discussion: futures studies 
o Increase the number of TFA-OI 
o Study–to-study comparison 
o Direct comparison with matching control 
groups of TFA-SO and ABD 
o Look at complementary spatiotemporal 
characteristics 
o Comparison of TFA with other fixation 
(e.g., EEFT, ITAP)   
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